1955 and 1969. The GMEP was established by a resolution of the World Health Assembly (WHA) and coordinated by the WHO. The GMEP helped eliminate malaria in most developed countries in the 14 years of its existence; 5 however, that was not the case in Africa, where efforts were limited in three countries as it was not considered feasible to extend the campaign to the rest of the continent. 5, 6 The Question of Geographical Location The question of the elimination of malaria in developed countries must not be considered in the light of developed versus developing countries. Malaria was eliminated in countries in temperate and subtropical regions in the 1950s, while it persisted in the tropics. Why it persisted there can be addressed with the examples of two countries within the tropics which almost eliminated the disease during the GMEP. In South America, the GMEP had significant impacts between the 1950s and 1970s. For example, Brazil, a country dissected by the equator, managed to reduce the number of malaria cases from four to five million per year among 45 million Brazilians before the GMEP in the 1940s to below 1% by 1970. 7 Following the discontinuation of the GMEP, malaria resurged and increased in Brazil between 1970 and 1990. The country has made steady progress in recent years but still grapples with the disease due to the lack of sustainability of the earlier gains. 8 Another country with a hot and wet tropical climate that lies near the equator but benefited from the GMEP activities in the 1950s and 60s is Sri Lanka, an island off the southern tip of India. It was once a very malarious country with reports of over three million cases out of a population of about six million in 1934/5. Sri Lanka implemented full coverage of indoor residual spraying (IRS) with DDT and intensified prompt diagnosis and treatment of cases as well as the surveillance and reporting of cases through a well-coordinated system. 9 By 1963, only 17 cases were reported nationwide; this led to the discontinuation of IRS with DDT. The number of cases increased steadily after that, and by 1969, over half a million cases were reported with further increases occurring into the 1980s. 10, 11 Since 2000, renewed efforts through integrated vector management, case management, and targeted focal interventions led to a steady decline until Sri Lanka was declared malaria free by the WHO in September 2016. 12, 13 The unique situation of Sri Lanka as an island made it advantageous in that it limited the importation of cases from neighboring countries. Such has led others to propose islands such as Zanzibar, Madagascar, Solomon Islands and Vanuatu as candidates for malaria elimination. 5, 14, 15 Given that mosquito vectors proliferate more in hot tropical climates, this discourse presents the argument that, irrespective of the location of a country, malaria elimination is possible when the right tools are used at adequate coverage levels long enough to break transmission cycles. Otherwise, Brazil and Sri Lanka, on the equator but at different longitudes, would not have almost eliminated malaria in their countries during the GMEP, just like the temperate and subtropical countries. It also shows that resurgence is likely if methods of prevention of re-establishment are not put in place.
The Question of Economics
Other than Sri Lanka which lies near the equator (5-10 degrees north), most other countries that have eliminated malaria lie away from the equator by at least 23 degrees north or south. While countries that still have malaria lie between the Tropics of Capricorn and Cancer, it is sufficient to say that the climate and environment in the tropics favor the breeding of mosquito vectors. 16 The other reason for the persistence of malaria in the tropics is not only environmental, but also economic factors as demonstrated by near elimination in Brazil and Sri Lanka during the GMEP period. Following its suspension in 1969, developing countries (incidentally located in the tropics) could not sustain the interventions using their national resources, and this resulted in the resurgences and reestablishment of malaria. 6, 17 Countries in Africa that are certified malaria-free are Libya (1980), Morocco (2010), and Tunisia (1979) . Two other countries, Egypt and Algeria, have had no recent indigenous malaria cases and are in the process of being declared malariafree. 2 Incidentally, these are countries in the semi-arid region of Africa. They had regional or focal malaria mainly in the oases and river basins. They also lie in the subtropics along the Tropic of Cancer on the same latitude as other countries which have been declared malaria-free or are about to be declared so, such as Iraq and Uzbekistan. In the southern hemisphere, nations that lie in the subtropics, such as Chile and Uruguay, have also been or are about to be declared malaria-free.
One interpretation of this in the context of the GMEP and what happened after that is that, irrespective of where a country is situated, it is possible to eliminate malaria given the right tools, level of resources, and time to break transmission cycles. Countries with unstable or low endemicity of the disease may, with their country resources, be able to eliminate malaria. This was the case with African countries such as Libya and Morocco, which eliminated malaria in the post GMEP and pre-RBM period. 5 High-burden malaria countries, however, require substantial and sustained additional investments such as was availed during the GMEP. Without maintaining those resources and focusing on locally appropriate interventions, malaria will resurge as it did in Brazil and Sri Lanka post-GMEP. 8, 9 These ideas were echoed by the WHO Executive Director in the 2017 World Malaria Report "The WHO African Region continues to account for about 90% of malaria cases and deaths worldwide. If we are to get the global malaria response back on track, supporting the most heavily affected countries in this region must be our primary focus. " 2 Similar sentiments were echoed in the Global Fund to fight AIDS, Tuberculosis and Malaria 2018 Report: "Countries tend to fall into one of two categories: those progressing toward malaria elimination and those with a high burden that are slipping backwards in their response. Nearly all countries in the second category are in Africa. " 18 The Roll Back Malaria (RBM) initiative is one such international collaborative platform in the post-GMEP period that has been in existence since 1998. In its 2018-2020 strategic plan, it advocates malaria awareness on the global agenda, regional fights against malaria, and increasing malaria financing. During its time, key results include a reduction of 60% of malaria mortality between 2000 and 2015 and a 75% reduction in cases in 57 countries. 19 Another critical global collaboration is the WHO Global Technical Strategy for Malaria Elimination (GTS). Among other specific targets, it aims to reduce the global malaria mortality and incidence by 40% of the 2015 baseline by 2020 and 90% by 2030. 19 The GTS recommends a phased approach of reducing the malaria burden using indoor residual spraying (IRS), insecticide-treated nets (ITNs), and facility case management in high-burden areas. Further, it recommends elimination using mass drug administration, community and facility case management, enhanced vector control, and focal investigations in low-burden areas. 19, 20 This discourse shows that developing countries with high malaria burdens need international collaboration to ensure that they have adequate funding for their malaria fights. For malaria to be eliminated, funding needs to be sustained at high intervention coverage levels over long periods of time. Otherwise, only countries at the tips of the continents that have unstable malaria will eliminate malaria, while world opinion leaders like WHO continue to count 'countries' without giving contexts.
Current Eliminations Mostly on the Fringes of Malaria
My impression of the progress in the fight against malaria post-GMEP is that other than Sri Lanka, which is an island, countries that have eliminated malaria or have reported zero cases are either in temperate or subtropical areas and are not "hotbeds" of the disease. It is more like the "low hanging fruits" are being picked. In SSA which has at least 90% of the global burden of malaria morbidity and mortality, it is countries at the tips of the continent that have eliminated or are set to eliminate malaria. Countries such as South Africa, Botswana, and Swaziland in the southern hemisphere and Egypt and Algeria in the northern hemisphere are not highburden malaria countries. Twelve of the thirteen countries said to have even increased their burden of malaria between 2010 and 2015 lie in the middle of Africa and have typical tropical ecological conditions and weak economies.
Similarly, countries at the tips of the South American continent, like Argentina, Chile, Uruguay, and Paraguay in the south and Guatemala, Costa Rica, and Mexico in the north, have eliminated malaria or are tipped to be on track to malaria elimination. High-burden tropical countries like Brazil, Peru, Venezuela, and Colombia, which together account for 70% of malaria in the Americas, are still grappling with the disease. 21
High-Burden Countries are not Eliminating the Disease
As noted in the WHO World Malaria Report 2018, 90% of the reported 216 million cases of malaria reported in 2016 occurred in Africa, 7% in Southeast Asia, and 2% in the Eastern Mediterranean. Fifteen countries had 80% of all these cases, and all but one (India) were in the middle of SSA. 2 Zambia was also one of the 13 countries that recorded an increase in their malaria burden despite a global decrease in 2015. 22 The question, therefore, is why are high-burden countries like Zambia, which are in the middle of Africa and weak economically, not eliminating malaria? In line with the GTS, high-burden areas deploy ITNs, IRS, and prompt treatment of cases to reduce the number of malaria cases before implementing eliminating strategies such as mass drug administration and community surveillance, among others. In 2014, Zambia carried out a nation-wide mass ITN distribution campaign and distributed about 4.8 million ITNs, 23 carried out another nation-wide ITN mass distribution in 2017, and carries out yearly IRS in targeted areas. 24, 25 Following the 2017 countrywide mass distribution campaign, the prevalence of malaria in children below five years of age was reduced to 9.1%. 26 One study in northern Zambia evaluated three years of IRS and found only modest declines in malaria prevalence in targeted households in the rainy season. It did not find declines during the dry season or in the overall area, and it called for a more comprehensive package to effectively reduce malaria in such settings. 25 In 2015 in Zambia, the odds ratio of a positive malaria slide in urban areas compared to rural areas was 0.23 (0.15-0.37), even after adjusting for age, gender, wealth status, housing structures, IRS, and ITNs. 22 The coverages of malaria interventions as of 2015 in rural areas versus urban areas were similar; 79% and 73% of households had at least one ITN, respectively, 29% and 28% of homes were sprayed with IRS, respectively, while the rates of prompt treatment of confirmed malaria cases among under-five children were 36% and 38%, respectively. 27 This shows that the coverages of major interventions between rural and urban areas were comparable. Therefore, something else not addressed by current strategies must be driving malaria more in rural areas. Program interventions are mainly looking at the supply side; however, there are other societal and entomological factors in rural areas that perpetuate transmission compared to urban areas.
As of the 2010 census of population and housing in Zambia, 60% of the people lived in rural areas compared to 40% in urban areas. 28 One study suggested that the malaria vectors in Africa, A. Gambiae and Funestus, tend not to breed well in urban areas, so their populations and transmission intensities are greater in rural areas. 5 Modern housing structures in rural areas among the households surveyed during the Malaria Indicator Survey in 2015 in Zambia were only 8% compared to 39% in urban areas. Modern housing had a 60% protective effect against malaria compared to improvised housing structures like mud and thatched-roof structures, which comprised 92% of the housing structures in rural areas. 22 Moreover, behavioral practices like cooking in the evenings are done outside the house in rural areas, while in urban areas, cooking is done indoors. 29 Thus, rural dwellers are more exposed to bites in their settings and lifestyles. Other factors include engagement in agriculture and the keeping of livestock, which are more prevalent in rural areas and are associated with greater malaria transmission. 30 Combating malaria comprehensively in rural areas needs to go beyond the push strategies of ITNs, IRS, and the treatment of cases. There is a need to address some structural and behavioral 116 factors in rural communities.
Conclusion
In summary, this perspective article reminds us of the background that malaria was distributed worldwide before 1945. For a country to have eliminated its malaria between 1955 and 1969 during the GMEP, it needed to have been located in the temperate and subtropical regions. If a country is located in the tropics and benefited from the GMEP, it risked having a resurgence unless it had a strong economy to sustain its malaria programs in the intervening years before RBM. Countries located at the tips of the American, African, and Asian continents have had a greater chance of eliminating their malaria during the last 20 years under the RBM initiative. This is because they tend to have unstable, low, or focal disease and current tools in the GTS coupled with funding from international collaborators. Other countries or territories that have higher chances of eliminating malaria during the RBM initiative are isolated islands, like Sri Lanka. If a country is located in the tropics in the middle of the continents of South America or Africa and is weak economically, it is likely to be a high-burden country by its location. The current strategies under the GTS that recommend ITNs, IRS, and facility-based treatment do not adequately address their unique disadvantages, particularly their rural constituencies who bear the most significant burden of malaria. There is a need for discussion beyond the push approach to tackling the disease in these areas. I, therefore, call for interventions, which are currently not in the GTS recommendations, that would address malaria in rural areas in high-burden developing countries in SSA, like Zambia, such as improving housing structures in rural areas to at least insect-proof standards; modifying behavioral lifestyles such as cooking indoors; and determining how to reduce the risk of malaria among communities that are engaged in agriculture and livestock keeping.
